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Introduction 
Cer ta in regional cha rac te r i s t i c s of the 128 most severe summer 
ha i l s to rm days in Illinois (1910-1959 period) have been investigated. With 
U. S. Weather Bureau data for Iowa and Missour i in conjunction with 
s imi la r data for Ill inois, many of the t ime and space cha rac te r i s t i c s of 
these June-August ha i l s to rms have been analyzed for the 3-state a rea . On 
88 percent of the severe ha i l s torm days in Illinois, hail occurred very near 
to the borders of ei ther Missouri or Iowa, and information was des i red 
as to the a r e a of origin of these ha i l s t o rms . F r o m the data available, efforts 
were made to identify 1) regional var iat ions in the origin a r e a of these 
severe ha i l s to rms , 2) their durations in t ime , 3) the a rea l extent , 4) the 
direct ion of s to rm movement, and 5) the relat ionship of these factors with 
synoptic conditions. 
Occurrences of widespread and/or severe ly damaging summer hail-
s to rms in. Illinois have been previously identified, and their cha rac te r i s t i c s 
were discussed in two ea r l i e r r e s e a r c h r epor t s to the Crop-Hai l Insurance 
Actuarial Associat ion. (1 , 2 ) In Research-Repor t No. 5, all summer days 
during the 1910-1959 period in which four or m o r e Weather Bureau stations 
repor ted hail were identified as "widespread ha i l s to rm days" . ( 1 ) This 
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definition delineated 113 such ha i l s to rm days in the 50-year per iod. 
Resea rch Report No. 4 identified the 50 summer ha i l s to rm days that caused 
the grea tes t monetary l o s se s in Illinois during the 1915-1959 per iod. ( 2 ) 
A total of 35 of these damaging s t o r m days also were among those 113 dates 
classified as widespread ha i l s to rm days . The remaining 15 damaging 
ha i l s to rm days and the 113 widespread ha i l s to rm days (which included 35 of 
the damaging ha i l s to rm days) were combined to furnish a total of 128 
severe summer ha i l s to rm days in the 1910-1959 per iod. These 128 h a i l s t o r m 
days a re hereaf ter r e f e r r e d to in this r epor t as severe summer ha i l s to rm 
days in Il l inois. 
Data 
To per form a cl imatological analysis of hail f requencies , hail data 
for 240 Weather Bureau stations in Iowa and Missouri w e r e , p rocured in 196l. (3) 
F r o m these data all the Iowa and Missour i stations w e r e l is ted with 
occur rences of hail 1) on the dates of the 128 severe ha i l s to rms in Illinois 
and 2) on the dates p r io r to the 128 s t o r m dates . These stations along with 
their t ime of occur rence data, if available, were plotted on individual s t o r m 
maps for each s t o r m date, and these maps also displayed s imi la r hail data 
available for I l l inois. The Illinois hail data were der ived from 134 s ta t ions 
and from other sources descr ibed in previous r e p o r t s . ( 1 , 2)Synoptic 
conditions, determined from nor thern hemisphere synoptic weather maps 
and U.S. Weather Bureau daily weather maps , and s t o r m movements 
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re la t ing to the hail occurrence were a lso noted on these maps . 
Method of Analysis 
Weather Bureau stations in the 3-state a r ea a r e normally separa ted 
by distances ranging from 20 to 30 mi les resul t ing in a density of 
observat ions which will not allow any high degree of a rea l accuracy in 
defining ha i l s to rm origin, continuity, extent, movement, or durat ion. 
Measurements of these cha rac te r i s t i c s have been made for mos t of the 
s to rm days, but these measu remen t s must be considered as approximat ions . 
To this end, measuremen t s of the extent of hail occur rences were 
expressed as the number of Weather Bureau a rea l divisions ( 4 , 5 , 6 ) 
containing hail occur rences (Fig. 1). The average size of these 24 
divisions in the 3-state a r e a is approximately 6500 square m i l e s . The 
locations of the Illinois ha i l s to rm origins , as based upon considerat ion of 
the temporal and s to rm continuity data, were identified by occur rence within 
these same divisions (Fig. 1). In defining an origin occur rence and s t o r m 
continuity, all distinctively separa te groups of hail r epor t s , as based on 
regional and tempora l data, were identified as "hail a r e a s , " and origins 
were determined for all "hail a r e a s . " On many s to rm days 2 or more such 
a r ea s occurred . 
Continuity in the movement of 1 or more ha i l s to rm areas along a 
given t rack or line of activity was identified when most stations with 
hail in Iowa and Missour i were aligned, on a temporal and regional bas i s , 
- 4 -
with stations with hail in Il l inois. In F igure 2a, an example of this continuity-
definition is i l lus t ra ted by a r rows connecting the locations of hail r epo r t s . 
Temporal data were found to be too spa r se to pe rmi t an accura te hourly 
analysis of the t ime of s to rm occu r rence . Consequently, s t o r m durations 
were determined for 12-hour increments of t ime . The general direction of 
ha i l s to rm movement was identified by the alignment of s ta t ions , sequence 
of r epo r t s , and by considering the synoptic conditions associa ted with the 
s t o r m s . Another m e a s u r e of hail extent and continuity was obtained by 
examining the frequency of station repor t s for each ha i l s to rm day. 
Resul ts of Analysis 
Synoptic Conditions. The basic types of synoptic conditions deemed 
responsible or at l eas t direct ly associa ted with the hail incidence on each 
of the 128 ha i l s to rm days in. Illinois w e r e studied. The types had been 
previously identified in performing r e s e a r c h leading to the prepara t ion of 
e a r l i e r r e p o r t s . ( 1 , 2 ) The synoptic conditions assoc ia ted with the 128 s t o r m 
days were grouped into four basic types which were cold frontal (including 
pre-f ronta l ) , s tat ionary or w a r m frontal (including pre- f ronta l ) , warm air 
m a s s , and surface lows or t roughs . The cold front and s t a t ionary -warm 
front conditions accounted for 82 percent of the total days . 
Another analytical descript ion obtained for days with severe hail-
s t o r m s in Illinois was strongly re la ted with the synoptic conditions., The 
car tographic analysis of each s t o r m included the plotting of hail incidences 
FIG. I U.S. WEATHER BUREAU DIVISIONS IN ILLINOIS, 
IOWA, AND MISSOURI 
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on the day p r i o r to the date of the I l l ino i s h a i l s t o r m . I n s pec t i on of t h e s e 
T A B L E 1 
SYNOPTIC CONDITIONS ASSOCIATED 
"WITH S E V E R E HAILSTORM DAYS IN ILLINOIS 
Synopt ic cond i t ions 
W a r m 
Cold S t a t i o n a r y - A i r L o w s -
F r o n t s W a r m F r o n t M a s s T r o u g h T o t a l N u m b e r of s e v e r e 
h a i l days 75 29 17 7 128 
P e r c e n t of t o t a l 
h a i l days 59 23 13 5 100 
N u m b e r of days w h e n 
r e f o r m a t i o n 
o c c u r r e d 40 14 4 6 64 
da t a and the c o r r e s p o n d i n g synop t i c a n a l y s i s for e a c h m a p r e v e a l e d t h a t on 
64 s t o r m days , or 50 p e r c e n t of the t o t a l , the h a i l s t o r m s o c c u r r i n g in 
I l l ino i s w e r e a c t u a l l y a r e f o r m a t i o n of a h a i l - p r o d u c i n g s y s t e m w h i c h had 
b e e n in e x i s t e n c e e a r l i e r i n Iowa o r M i s s o u r i , bu t had qu i t p r o d u c i n g hail-
s t o r m s for a p e r i o d of 12 h o u r s or l o n g e r . (A t y p i c a l e x a m p l e of the 
r e f o r m a t i o n - t y p e h a i l s y s t e m i s shown in F i g u r e 6d . ) As shown in T a b l e 1 , 
40 of t h e s e 64 days of s t o r m r e f o r m a t i o n w e r e a s s o c i a t e d wi th cold f ron ta l 
c o n d i t i o n s . Six of the s e v e n ha i l days c a u s e d by l o w s - t r o u g h s w e r e c a s e s of 
s t o r m r e f o r m a t i o n in I l l i n o i s . The 40 c a s e s r e p r e s e n t e d 53 p e r c e n t of the 
t o t a l n u m b e r o f cold f ron ta l cond i t ions wh ich p r o d u c e d s e v e r e s u m m e r h a i l s t o r m 
days in I l l i no i s . T h u s , h a i l s t o r m s on o n e - h a l f o f a l l s e v e r e I l l ino i s h a i l s t o r m 
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days actually r ep re sen t only a port ion of the total ha i l s to rms produced by 
major synoptic sys tems which had produced ha i l s to rms e lsewhere in the 
Middle West in per iods more than 12 hours p r io r to the Illinois s t o r m s . 
In F igures 2 and 3, typical examples of hail pa t te rns associa ted with 
the var ious synoptic conditions a r e por t rayed . The analysis of the 75 cold-
front severe hail days revealed that there were four different but readi ly 
identifiable hail pat terns found repea ted ly on the plotted maps . Huff(1) 
identified the two most frequent pa t te rns of s t o r m s with cold fronts, and 
examples of these a r e shown as F igures 2a and 2b. One of these pat terns 
consis ts of one or more long swaths perpendicular to and moving away from 
the front (Fig. 2a). The other bas ic pat tern is a multiple outbreak along and 
para l le l to the front (Fig. 2b). F igure 2c shows a typical pat tern found on a 
day with only two widely separa ted ha i l s to rm repo r t s ; however, this 
par t i cu la r day was ranked, based on monetary l o s s e s , as the 15th most 
damaging hail day in, Il l inois. (2) F igure 2d shows a fourth type of pat tern 
found for severa l of the s to rm days associa ted with cold fronts . In this type, 
the a r e a of hail experience was relat ively smal l , but a lmost all of the stations 
in the hai l a r ea repor ted hail . In Figure 3, examples of hail pa t te rns typical 
of the other synoptic types a re shown. As shown in F igures 3a and 3b, hail 
occur rences with w a r m and s ta t ionary fronts w e r e often widely sca t te red but 
frequently assumed a pat tern with a semblance of an eas t -wes t orientat ion. 
FIG. 2 EXAMPLES OF TYPICAL HAIL PATTERNS ASSOCIATED WITH COLD FRONTS 
FIG.3 EXAMPLES OF TYPICAL HAIL PATTERNS WITH VARIOUS SYNOPTIC CONDITIONS 
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Origin A r e a s . The number of t imes a distinctly separa te hail a r e a 
originated in each of the 24 divisions (Fig. 1) was counted. Gn most of the 
severe ha i l s to rm days separa te hail a r ea s formed in 2 or even 3 separa te 
divisions. Only one origin division was identified for 55 of the severe 
summer hail days. Consequently, the total count of origins was 231. The 
frequency of origins per state division is displayed in Figure 4. The three 
wes te rnmos t divisions in Illinois were the p re fe r red a r e a s for hail a r e a 
origins with a combined total of 96 or igins , or about 42 percent of the total 
or iginat ions. The fourth and fifth ranked divisions for the formation of 
the hail a r ea s were the two sou theas te rnmos t divisions in Iowa. Quite 
obviously, severe Illinois ha i l s to rms in the 1910-1959 period formed most 
frequently along the Miss iss ippi River Valley in the a r e a extending north-
ward from St. Louis to Wisconsin. The six divisions border ing this extent 
of the r iver r ep re sen t about 25 percent of the a r e a investigated, but within 
these divisions 145 of the origins occurred , which is 64 percent of the 
total formations. 
The origin frequency also was examined using a synoptic analys is . 
The origin frequencies for cold fronts exceeded those of the other synoptic 
types in all 24 divisions except in NE Missour i and ESE Illinois where 
origins with stat ionary fronts predominated. Other major findings of this 
investigation were : 1) 75 percent of the s t o r m origins in the E and SE Iowa 
divisions (Fig. 1) were associa ted with cold fronts; 2) 73 percent of the 
origins in the NE P r a i r i e of Missour i we re with s tat ionary and /o r w a r m 
fronts; 3) 65 percent of all the origins in NW Illinois were with cold fronts; 
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4) 50 percent of all or igins in WSW Illinois were with lows, s ta t ionary 
fronts, or w a r m air m a s s e s ; and 5) 33 percent of the origins in the SW Illinois 
a r e a were with w a r m a i r m a s s conditions. In general , the formations or 
origins of ha i l s to rms in the portion of the Miss iss ippi Valley a r e a where 
Illinois and Iowa adjoin were largely associa ted with cold frontal condi t ions , 
whereas in the valley a r e a where Missour i and Illinois adjoin the s t a t iona ry -
w a r m front conditions were the conditions most frequently associa ted with 
s to rm or ig ins . 
Another indication of the location of s to rm origin a reas is furnished by 
other areal data recorded during the ana lys i s . The number of t imes that hail 
was repor ted in Illinois within 30 mi les of the Miss iss ippi River also was 
recorded . It was found that on 113 of the 128 severe ha i l s to rm days, 
some of the hail in Illinois occur red somewhere within 30 mi les of the wes te rn 
boundary of I l l inois. This analysis further indicated that the severe ha i l s to rms 
which occur red in Illinois frequently originated within or relat ively near to 
the main Miss iss ippi River Valley. These findings a r e discussed more fully 
in the next section of this r epor t . The information on s to rm reformat ion also 
indicated that 50 percent of the origins recorded in this a r e a were likely . 
unique to the a r e a and.were not cases of reformation ofyhailstorms by 
conditions which had produced hail e a r l i e r in Iowa or Missour i . 
Movement and Continuity. The general direct ions of movement exhibited 
by the hail a r ea s on each s to rm date were calculated, and an average or pre-
ferred direct ion of movement for the day was determined. On 37 
of the 128 days no direct ion of! movement could be determined. The 
FIG.4 NUMBER OF TIMES HAIL ORIGINATED IN 
VARIOUS STATE DIVISIONS 
f r e q u e n c y of m o v e m e n t s a c c o r d i n g to synopt ic type a r e shown in 
T a b l e 2 . No s ign i f i can t v a r i a t i o n s in m o v e m e n t a c c o r d i n g to synop t i c 
typ ing a r e a p p a r e n t a l though m o s t m o v e m e n t s f r o m the NNW w e r e wi th cold 
f r o n t s . The t o t a l s r e v e a l tha t m o v e m e n t f r o m t h e NW and WNW accoun ted 
for 63 p e r c e n t of the to ta l known m o v e m e n t s . 
T A B L E 2 
DIRECTION F R O M WHICH HAIL AREAS MOVED ON S E V E R E 
HAIL DAYS IN ILLINOIS, S O R T E D AGCORDING TO SYNOPTIC T Y P E S 
N u m b e r o f m o v e m e n t s f r o m e a c h d i r e c t i o n 
Synopt ic 
t y p e s NNW NW WNW W WSW SW SSW Unknown T o t a l 
Cold F r o n t s 10 27 14 6 3 2 0 13 75 
S t a t i o n a r y -
W a r m F r o n t s 2 5 4 4 1     1    1  1 1 2 9 
A i r M a s s 0 1 4 1 1 0 0 10 17 
L o w s - T r o u g h s 0 0          2          2  0      0         0       3 7 
T o t a l s 12 33 24 13 5 3 1 37 128 
The cont inu i ty o f the s t o r m s w a s e x a m i n e d in the M i s s i s s i p p i 
Va l l ey r e g i o n w h e r e the p r e p o n d e r a n c e of ha i l o r i g i n s ( F i g . 4) and ha i l 
i n c i d e n c e s ( F i g . 5 ) o c c u r r e d . I t w a s c o n s i d e r e d o f i n t e r e s t to d e t e r m i n e 
w h e t h e r the m a n y ha i l i n c i d e n c e s i n I l l ino is n e a r t o the r i v e r r e p r e s e n t e d 
s e m i - c o n t i n u o u s s t o r m m o v e m e n t s f r o m Iowa a n d / o r M i s s o u r i . I n T a b l e 3 
the n u m b e r of t i m e s hai l in I l l ino is o c c u r r e d wi th in 30 m i l e s of the Iowa and 
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Missour i b o r d e r s is l i s ted by, synoptic types . On. 113 s to rm days hail in 
Illinois occurred within 30 mi les of the border of one or both adjacent 
s ta tes , and on only 15 days no hail in Illinois occur red within this 30-mile 
wes te rn zone. As shown in Table 3, some of the hail occurr ing in Illinois was 
repor ted 
TABLE 3 
LOCATION OF ILLINOIS HAIL REPORTS WITH RESPECT 
TO IOWA AND MISSOURI AND BY SYNOPTIC TYPES 
Number of S torm Occurrences by Synoptic Type 
Location of Cold Sta t ionary- Warm Air Lows-
Illinois Hail F ron t W a r m F r o n t Mass Troughs Total 
Within 30 mi les 
of Iowa-
Missour i 23 9 1 1 34 
Within, 30 mi les 
of Iowa only 33 8 5 5 51 
Within 30 mi les 
of Missouri 
only 12 9 6 1 28 
More than 30 
miles from 
Iowa and 
Missour i 7 3 5 0 15 
within 30 mi les of Iowa on 85 days and near Missour i on 62 days . 
On each of the 113 days when hail in Illinois occurred near to e i ther 
or both of these two adjacent s ta tes , the hail a r e a s involved were examined to 
determine whether they were port ions of semi-continuous hail paths extending 
from the adjacent s ta tes into I l l inois. This was the method employed to 
obtain a measu re of s to rm continuity and it also served as another m e a s u r e 
FIG. 5 NUMBER OF TIMES HAIL OCCURRED IN EACH 
DIVISION ON DAY PRIOR TO AND DAY WITH 
SEVERE HAILSTORMS IN ILLINOIS 
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of the a r e a s of s t o r m o r i g i n a t i o n ( see p r e v i o u s s e c t i o n ) . 
R e s u l t s p r e s e n t e d in T a b l e 4 r e v e a l tha t a l a r g e p e r c e n t a g e of a l l 
I l l inois h a i l i n c i d e n c e s w h i c h o c c u r r e d n e a r t o Iowa a n d / o r M i s s o u r i w e r e 
not p o r t i o n s o f s e m i - c o n t i n u o u s hai l a r e a s wh ich m i g h t have o r i g i n a t e d in 
t h e s e two s t a t e s . Con t inu i ty o f h a i l s t o r m a r e a s o r c e l l s a c r o s s t h e 
M i s s i s s i p p i va l l ey o c c u r r e d l e s s t han 50 p e r c e n t o f the t i m e on days wi th 
ha i l i n I l l ino i s n e a r the v a l l e y . H o w e v e r , con t inuous s t o r m m o v e m e n t s f r o m 
Iowa w e r e m o r e f r equen t than f r o m M i s s o u r i . T h e s e f indings a l s o 
T A B L E 4 
SYNOPTIC CONDITIONS WHEN HAIL IN ILLINOIS 
(NEAR MISSOURI AND IOWA) WAS NOT A P O R T I O N 
OF SEMI-CONTINUOUS STORM MOVEMENT F R O M WEST 
N u m b e r of N o - M o v e m e n t s by Synopt ic T y p e s * 
Cold S t a t i o n a r y - L o w s -
F r o n t W a r m F r o n t A i r M a s s T r o u g h s T o t a l 
I l l inois h a i l 
n e a r Iowa 5 4 / 53 66 83 56 
I l l inois h a i l 
n e a r M i s s o u r i 69 72 86 100 72 
* E x p r e s s e d a s p e r c e n t a g e s o f t o t a l s t o r m s n e a r t h e s e two s t a t e s 
(Tab le 3). 
i l l u s t r a t e the f r equency wi th wh ich I l l ino i s s t o r m s o r i g i n a t e d i n c l o s e 
p r o x i m i t y to r i v e r . On a r e g i o n a l b a s i s , 72 p e r c e n t of a l l I l l ino is ha i l n e a r 
M i s s o u r i w a s not a p o r t i o n of a con t inuous ha i l a r e a in M i s s o u r i . M o r e 
than one -ha l f (56 p e r c e n t ) o f the I l l ino is ha i l o c c u r r e n c e s n e a r Iowa w e r e 
not a p o r t i o n of a con t inuous s t o r m t r a c k f r o m Iowa. On 86 of the 113 
days wi th ha i l n e a r to one or both of the ad j acen t s t a t e s , the ha i l in 
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Illinois did not r ep re sen t continuous movement from these s t a t e s . 
On a regional percentage bas i s , there is only a slight difference between 
continuity from Missour i or Iowa in cold front and s t a t iona ry -warm front 
ha i l s torms with slightly m o r e than 50 percent of the ha i l s torms in wes te rn 
Illinois not continuous s t o r m s from out -of -s ta te . Air m a s s and low-
trough produced ha i l s to rms in Illinois had even lower frequencies of movement 
from Iowa and Missour i . 
Location and Extent. Measurements of the locations of s t o r m 
occurrence and the extent of hail incidence on the severe s to rm days were 
made . The number of t imes that hail occur red in each of the 24 state divisions 
is shown in F igure 5. These numbers include hail occur rences on the days 
prior to the s to rm date. To a cer ta in degree , the hail frequencies in Illinois 
(3) 
shown on Figure 5 agree with average s u m m e r hail pa t te rn in the s ta te . 
These 128 severe hail days represen ted between 15 and 55 percent of the 
total number of hail days at the various stations in Illinois in the 1910-1959 
period. 
The degree to which the Illinois severe ha i l s to rm activity was r e s t r i c t ed 
to the state is shown by the fact that the division frequencies for 6 of the 9 Illinois 
divisions a r e g rea te r than those found in any of the divisions in Iowa or 
Missour i . Interest ingly, the frequencies in the nor thwestern divisions of Iowa 
and Missour i (Fig. 1) rank seventh and eighth, respect ively, among the 24 
divisions. The relat ively high frequencies for the divisions whose eas t e rn 
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b o r d e r s a re more than 100 mi les distant from Illinois a re a reflection of the 
high number of occur rences in each of them on the days prioT to the Illinois 
s t o r m dates . That i s , many of these relat ively distant hail occur rences were 
produced by sys tems which ceased producing hail before enter ing eas t e rn 
Missour i and Iowa. However, these sys tems reformed 12 to 24 hours l a t e r in 
wes te rn Illinois to produce severe ha i l s to rms in Il l inois. An example of this 
reformation for one of the severe s to rm sys tems is. shown in Figure 6d. 
Two measuremen t s of the extent of hail on these 128 hail days were made . 
One included counts of the number of stations report ing hail; the second was 
based on a count of the number of divisions repor t ing hail on individual s to rm 
days . In Table 5, the number of divisions with hail on each of the 128 days 
(plus pr ior dates) a re shown classified by synoptic types . The model number 
of divisions, the number most frequently observed, was 4 divisions per s t o r m 
day. The median number of divisions which experienced hail on a s to rm day 
was 6 which is 25 percent of the 3-state a r e a . Examination of the frequencies 
with the synoptic types in Table 5 revea ls that the median number of divisions 
with cold front ha i l s to rms was 6 indicating that these s to rms had slightly l e s s 
a r ea l extent than did the ha i l s to rms on days associa ted with s t a t ionary -warm 
fronts which had a median value of 7 divisions. 
The a rea l extent of the hail incidences on the severe ha i l s to rm days 
also was measured by counting the number of Weather Bureau stations which 
repor ted hail with each s to rm. This included occur rences on the day p r io r to 
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TABLE 5 
NUMBER OF STATE DIVISIONS WITH HAIL 
P E R STORM DAY SORTED BY SYNOPTIC TYPES 
Number of Divisions with Hail 
Synoptic 
Types 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Totals 
Cold 
Fron ts 1 1 5 14 10 12 13 8 2 5 2 1 0 1 75 
Stationary-
Warm 
Fronts 0 1 1 6 3 3 4 4 3 2 1 0 0 1 29 
Air Mass 0 3 7 2 3 0 0 1 1 0 0 0 0 0 17 
Lows -
Troughs 0 1 2 0 2 0 0 1 1 0 0 0 0 0 7 
Totals 1 6 15 22 18 15 17 14 7 7 3 1 0 2 128 
the seve re s to rm day. The average number of station r epor t s per s to rm day 
was found to be 10: normal ly , 7 of these in Illinois, 2 in Iowa, and 1 in Missour i . 
An accura te measure of the extensiveness sepresented by these station 
frequencies is difficult to obtain because the number of ha i l - repor t ing stations 
var ied during the 1910-1959 per iod. In general , the number varied from a low 
of 125 to a high of 175 stat ions repor t ing hail incidences . This meant that the 
10-station incidence average per s t o r m period r ep resen ted about 6 to 8 percent 
of the total possible stat ions in the 3-s ta te a r e a . 
The grea tes t number of station r epo r t s of hail with one of the severe 
s to rms was 34 which occur red on June 1-2, 1945. The map portraying the 
repor t s with this s to rm is shown in F igure 6a. Twenty-five of the 34 repor t s 
occurred in Illinois with 8 in Iowa and 1 in Missour i . An example of an extensive 
FIG.6 EXAMPLES OF HAIL PATTERNS WITH EXTENSIVE SEVERE HAILSTORMS 
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s to rm day with r epor t s more widely d ispersed throughout the ent i re 
3-state a r e a is shown in Figure 6b. This s to rm was associa ted with a 
stat ionary front on June 12, 1929. when 21 stations repor ted hai l . Another 
example of a s to rm with many repor t s , but with a lmost all of the repor t s 
concentrated in Ill inois, is shown in Figure 6c. This s t o r m which occurred 
on August 17, 1948, had 26 station hail r epor t s with 23 in Il l inois, and was the 
most damaging ha i l s to rm day ever recorded in Il l inois. ( 2 ) 
Relationship of Severe Hail Days and All Hail Days. Of par t icu la r in te res t 
to the climatology of hail in Illinois was the relat ionship of the hail pa t te rn 
associated with these severe summer hail days to the average pat tern based on 
all summer hail days that occur red during the 1910-1959 per iod. The state 
pat tern based upon the number of severe hail days at the re l iable repor t ing 
stations in Illinois is shown in Figure 7. Three notable a r e a s of higher 
frequencies a r e apparent . One of these a r e a s of high incidence extends 
southward from Moline. Another high a r e a is centered on Dixon with an 
extension southeast to Pontiac and another extension to the eas t to Chicago. 
The third a r e a of high incidence is located in cent ra l Illinois extending eas tward 
from Jacksonvil le through Decatur . This third a r e a is separa ted from the 
other: high a r e a s by an a r e a of low incidence centered on P e o r i a . 
Compar ison of the pat tern displayed in Figure 7 with the average s u m m e r 
hail distr ibution in Illinois (Fig. 2, CHIAA Report No. 11), revea ls many 
s imi la r i t i es and some s tar t l ing d i s s imi l a r i t i e s . The major a rea l difference 
occurs in the Decatur a r e a . Inspection of the average summer hail distr ibution 
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reveals that Decatur is in a region of relat ively low incidence, yet it was 
in an a r e a of high incidence of severe summer hail days (Fig . 7). 
A further m e a s u r e of the relat ionship of the pa t tern of severe s u m m e r 
hail days to the pat tern based on all summer hail days can be gained by 
inspection of F igure 8. At each station, the number of severe summer hail 
days in the 1910-1959 period was expressed as a percent of the total summer 
hail days, and a percentage pa t te rn was constructed from these data. In the 
a reas of high incidence of severe hail days these hail days a r e shown to have 
been more than 40 percent of the total number of summer hail days that 
occurred in these reg ions . In a r ea s from Moline eas tward and north of 
Decatur these severe s u m m e r hail days represen ted m o r e than 50 percent 
of all the summer hail days that occur red during the 1910-1959 per iod. The 
a rea of high incidence in the average summer hail pa t te rn located in the 
hills of nor thwestern Illinois (3 ) was not derived from the severe summer 
hail days because the percentages in this a r ea a r e general ly less than 25 percent . 
Similar ly, the a r e a of high incidence in all hail days located west of Jacksonvil le ( 3 ) 
is shown by the low percentages in this a r e a (Fig. 8) derived principally from 
non-severe hail days. 
Storm Durat ions. Tempora l data on the occur rence of hail were 
too incomplete to pe rmi t a detailed analysis of the durat ions . However, the 
durations of the s to rms in the 3-state a r e a were classif ied as las t ing from 0.1 
to 12 hours , 12 to 24 hours , or g rea t e r than 24 hours . Based upon such an 
FIG. 7 DISTRIBUTION OF SEVERE HAIL DAYS, 
I9I0-I959. BASED ON NUMBER OF DAYS AT 
REPORTING STATIONS 
FIG. 8 NUMBER OF SEVERE SUMMER HAIL DAYS 
EXPRESSED AS PERCENTAGES OF TOTAL 
HAIL DAYS DURING 1910-1959. 
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analys is , it was found that 52 of the s to rm periods had duration of 12 hours or 
l e s s . There were 43 s to rm per iods with durations ranging from 12 to 24 hours , 
and 33 periods ranged from 24 to 48 hours in duration. 
Summary 
The Weather Bureau hail data on the 128 days in the 1910-1959 per iod 
with the severes t s u m m e r ha i l s to rms in Illinois were examined to l ea rn m o r e 
about the regional cha rac t e r i s t i c s of these s t o r m s . More than 80 percent of 
these single and often multiple s to rm a r ea s were associa ted with cold front 
of s t a t ionary-warm front condi t ions . The number of cold front s t o rms accounted 
for nearly 60 percent of the 128 s t o r m s . 
It was found that 68 percent of all hail a r ea s originated in Illinois with 
25 percent in Iowa and 7 percent in Missour i . Sixty-four percent of all hail 
a r e a s originated along the Miss iss ippi River Valley from north of St. Louis 
to Dubuque, Iowa. On 88 percent of all 128 s to rm days in Illinois some hail 
occur red within 30 mi les of Iowa and/or Missour i , and yet on 76 percent of 
these 113 s to rm days with hail near Iowa or Missouri , the s t o r m s did not 
move from these s t a t e s . Movement of ha i l s to rms in the major hail a r e a s 
is most frequent from the wes t -nor thwes t and northwest . Severe ha i l s to rms 
produced in w a r m air m a s s and low-trough conditions covered l e s s a r e a and 
had fewer movements from Iowa and Missour i than did the ha i l s to rms with 
cold fronts and s ta t ionary-warm fronts. 
On the 128 s to rm days approximately 70 percent of all hail r epor t s 
were from stations in I l l inois. The median number of state divisions 
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with hail occur rences per s to rm was 6, and the six nor thwes te rnmost 
divisions in Illinois experienced hail on these s t o r m days more frequently 
than any divisions in Missour i and Iowa. Relatively high hail occur rence 
frequencies in nor thwes tern Missouri and Iowa on or one day pr ior to these 
128 s t o r m days were a resu l t of the fact that 50 percent of the hai l-producing 
s to rm sys tems in Illinois had ceased producing hail in ea s t e rn Iowa and 
Missour i after producing hail in the wes te rn port ions of these s ta tes 12 to 36 
hours p r io r to the outbreak of the Illinois h a i l s t o r m s . Ninety-five of the 128 
s to rm per iods had durations in the 3-state a r e a of 24 hours or l e s s . 
The number of hail incidences provided by these 128 s to rm days at 
Illinois stations var ied from 10 to 58 percent of the total number of hail 
days during t h e 1910-1959 period. In the Decatur and Moline a r ea s more than 
50 percent of all hail days in this 50-year period were severe hail days. 
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